Phosphorylation of bovine adrenal chromaffin cell tyrosine hydroxylase. Temporal correlation of acetylcholine's effect on site phosphorylation, enzyme activation, and catecholamine synthesis.
Tryptic peptide fragments of tyrosine hydroxylase isolated from 32PO4-prelabeled bovine adrenal chromaffin cells are resolved into seven phosphopeptides by reverse phase-high performance liquid chromatography. All seven of the peptides are phosphorylated on serine residues. Three of these putative phosphorylation sites, peptides 3, 5, and 6, are rapidly phosphorylated (5-fold in 15 s) by both acetylcholine stimulation and potassium depolarization of the cells, and this phosphorylation is accompanied by a similarly rapid activation of the enzyme. Both phosphorylation and activation are transient and do not account for the prolonged increase in catecholamine biosynthesis produced by these stimuli. Peptides 4 and 7 show a much slower and sustained increase in phosphorylation (3-fold in 4 min) in response to acetylcholine and potassium. Phosphorylation of these peptides correlates with the sustained increase in catecholamine biosynthesis rather than enzyme activation. Peptides 1 and 2 are not stimulated by any agonist yet employed and thus show no relation to enzyme activation or catecholamine biosynthesis. Phosphorylation of all five peptides by acetylcholine or potassium is calcium-dependent. In contrast to the stimulation of phosphorylation of tyrosine hydroxylase on multiple sites, forskolin stimulates the phosphorylation of only peptide 6, and this is accompanied by a coordinated activation of tyrosine hydroxylase and increased catecholamine biosynthesis. These findings show that the phosphorylation of tyrosine hydroxylase in intact cells is more complex than predicted from in vitro results, that at least two protein kinases are involved in the secretagogue-induced phosphorylation of tyrosine hydroxylase, and that the regulation of catecholamine biosynthesis, in response to phosphorylation, appears to involve both tyrosine hydroxylase activation and other mechanisms.